Aim: To investigate the influence of different staining beverages on color stability, surface roughness and microhardness of silorane and methacrylate-based composite resins.
InTRODuCTIOn
Composite resins are defined as the choice material for the direct restoration of both anterior and posterior teeth because of their physical and mechanical properties, excellent initial esthetics, moderate cost compaired to ceramics and adhesion to tooth structure.
Discoloration of composite resins is an unacceptable situation for patients and may lead to additional expense for replacement. One of the most common reasons for this problem is surface or subsurface changes which led to slight penetration and reaction of staining agents on the superficial layer of composite resins.
1 Since, the diet contain a variety of colored food and drinks, they can alter the color of the resin composites through absorption and/or adsorption of colorants during the long period of exposure. 2, 3 Color alteration with different beverages, such as coffee, tea and cola drinks, have been reported by many studies. 4, 5 Some of these beverages can also reduce the microhardness 6 and roughness 7 of composite surface and cause more staining.
Resistance to dissolution or disintegration is one of the most important properties that determines the durability of restorative materials. 8 As the wear resistance of dental materials has a significant impact on the clinical performances of restorations, hardness tests are used to predict the wear resistance of dental materials. 9 In the same vein, since a material's surface roughness properties have an influence on its esthetics, friction, wear, optical properties and accumulation of dental plaque, 10, 11 its surface roughness measurement is also performed.
The search for an ideal restorative material with good esthetic and mechanical properties have led to the development of a number of new restorative materials. Several types of composites are available for esthetic restorations, differ from each other according to the type of resin matrix, size, type and amount of filler particles. Moreover, the matrix structure and the inorganic fillers of composite resin as well as the features of inorganic fillers have a direct effect on surface smoothness of composite resin restorations and on the staining ability.
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Recently, a novel cationic-posterior composite known as silorane has been introduced and suggested as alternative to methacrylates as matrix resin component for dental composites because of it's physical properties. 13 The siloranebased composite (SBC) has a different resin chemistry from the commonly used methacrylate-based composites (MBCs). The silorane is composed of two main components. The first one is siloxane, which is a hydrophobic part giving the stability of the material. The second part is oxirane, which is responsible for cationic polymerization reaction. 14 Buchalla et al 12 have reported that hydrophilic matrices are more susceptible to water absorption, dye penetration and staining than hydrophobic ones. Thus, the purpose of this study was to assess the color stability, surface roughness and microhardness of three types of composite resins, one silorane-based and two methacrylate-based, exposed to cola and coffee. The tested hypotheses were that there would be no difference in color stability, surface roughness and microhardness of SBC and MBCs after immersion in different staining beverages and different staining beverages would not effect the amount of color stability, surface roughness and microhardness change of tested composite resins.
MaTERIalS anD METhODS
Three different composite resins (Filtek Silorane (siloranebased composite), Filtek P60 (microhybrid methacrylate-based composite), Filtek Supreme XT (nanohybrid methacrylatebased composite) from the same company (3M ESPE, St Paul, MN, USA) all in A3 shade were tested. The composite resins used in the current study are listed in Table 1 .
Specimen Preparation
Thirty cylindrical specimens were prepared for each of three composite resins in teflon ring molds (10 mm in diameter and 2 mm height). A polyester strip was placed on a glass slab (Dentsply, Petropolis, Rio de Janeiro, Brazil) and teflon matrix. After filling the mold to excess, the material surface was covered with another polyester strip and a glass slide, and compressed with a device (500 gm) for 20 seconds to accommode the resin better and remove the excess material. All the resin composite specimens were light cured with an LED device (SDI, Radii Plus) according to the manufacturers' instructions. The polymerization of the specimens was carried out at four quadrants on each top and bottom sides against the strip and glass plate, and then for another similar amount of irradiation but without the glass plates. The curing tip was positioned perpendicular to specimen's surface. The power output density used was 1000 mW/cm 2 , frequently monitored by means of a radiometer. In order to replicate the oral conditions following polymerization, the specimens were stored in distilled water for 24 hours before finishing and polishing. 15 Then, all specimens were finished with a series of aluminum oxide polishing disks (Sof-Lex, 3M ESPE, Dental Products) in a sequence of decreasing abrasiveness with intermittent movements, under constant water cooling. Polishing procedures were kept to a minimum time, 10 seconds for each step, to avoid micro-crack formation. 16 Subsequently, baseline color, surface roughness and microhardness values were masured.
Color Measurements
The color of the specimens was measured with a VITA Easyshade (Vident, Brea, CA, USA) spectrophotometer, using the CIELAB scale, and the effects of discoloration were expressed in ΔE * units and calculated from the ΔL * , Δa * , and Δb * averages using the following equation:
1/2 . The device was calibrated before the measurement of each specimen.
Surface Roughness Measurements
The surface roughness was measured by using a contact profilometer (Surfcorder SE 1700, Kosaka Corp, Tokyo, Japan) equipped with a 5 mm radius diamond-tipped stylus that was attached to a pickup head. The stylus traversed the 
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surface of the specimen at a constant speed of 0.5 mm/second with a force of 4 mN and automatic return. Each specimen was traced in four parallel locations near the center across the finished and/or polished surface with an evaluation length of 4 mm. Leveling of all parts of the apparatus was achieved by adjusting the pickup head knob. A calibration block was used periodically to check the performance of the profilometer.
Vickers Surface Microhardness Measurements
Vickers surface microhardness (HMV 2000, Shimadzu, Kyoto, Japan) was determined by performing three indentations with 50 gm load for 15 seconds (100 μm of distance).
Staining Protocol
To evaluate the changes in different beverages, 30 specimens of each group were subdivided into three subgroups of 10 specimens as follows:
• Subgroup A (control): Specimens were stored in 150 ml distilled water and the solution was changed daily. Distilled water was used as a control and to investigate intrinsic color changes in the restorative materials.
• Subgroup B: Specimens were stored in 37°C coffee (Nescafe, New Delhi, India). For preparation of coffee Solution, 2.8 gm of coffee was prepared (Precisa 1620 C sensitive weight, Switzerland) and added to 150 ml of boiling distilled water. The coffee was freshly prepared daily prior to each test period.
• Subgroup C: Specimens were stored in 37°C Cola carbonated soft drink (Coca-Cola ® , Refrescos Ipiranga, Ribeirão Preto, SP, Brazil). The lids of the containers were tightly closed to prevent escape of carbonic gas. In order to maintain an acceptable level of carbonic gas, a new bottle was used everyday. All specimens were stored in light-proof containers at 37°C in an incubator (Nüve EN 120 Incubator, Ankara, Turkey). After 15 days of immersion in the solutions, the specimens were rinsed with distilled water for 5 minutes and blotted dry with absorbent paper before the final measurements.
17 All baseline and final measurements were performed by the same operator. Three measurements were recorded for each specimen and the mean values for each group and variables were calculated. Color (ΔE), roughness (ΔRa) and microhardness (ΔV) changes which represent the difference between the initial and final measurements for each group were also calculated. 
STaTISTICal analySIS

RESulTS
The baseline means (standard deviations) of the composite resin groups and subgroups tested are shown in Table 2 . There were significant differences among the different composite resins for color, surface roughness and microhardness at baseline (p < 0.001). Filtek Silorane revealed the highest baseline L values, whereas Filtek Supreme XT exhibited the highest a and b values (p < 0.001). The surface roughness values of Filtek Silorane was higher than Filtek Supreme XT and Filtek P60 at baseline (p < 0.001). Filtek Silorane and Filtek Supreme XT exhibited the lowest and highest baseline microhardness values respectively, and they were both statistically different from Filtek P60 (p < 0.001). However, the comparisons of subgroups within each composite resin at baseline revealed no significant differences in terms of color, surface roughness and microhardness (p > 0.05). Table 3 shows the means (standard deviations) and statistically significant differences on color change in tested composite resins after immersion in different staining beverages. Coffee showed the highest color change which is followed by cola, whereas distilled water caused the least color change (p < 0.05). There was a significant difference Table 4 . There was no statistically significant difference among the tested composite resins when immersed in different beverages for 15 days (p > 0.05). The interactions of materials and staining beverages were significantly different within all groups (p < 0.05). In Filtek Silorane and Filtek Supreme XT, immersion in coffee caused more surface roughness change than distilled water and cola (p < 0.05), while the surface roughness change in Filtek P60 was similar with cola and coffee (p > 0.05), which were higher than distilled water (p < 0.05).
In Table 5 , means (standard deviations) and statistically significant differences on microhardness change for each composite resins are presented. There were no statistically significant differences among the tested composite resins when immersed in distilled water and cola (p > 0.05). However, Filtek Supreme XT exhibited significantly higher microhardness change when immersed in coffee (p < 0.001). The interactions of materials and staining beverages were not significantly different in Filtek Silorane and Filtek P60 subgroups (p > 0.05), but coffee caused a significantly higher microhardness change than cola and distilled in Filtek Supreme XT (p < 0.05).
DISCuSSIOn
Three commercially available composite resins from the same company were evaluated in this study. Depending on this study's findings, the SBC had different properties at baseline when compaired to MBCs. Different chemical characteristics, inorganic filler content, filler size and polymerization process of these composite resins may be responsible for the differences on baseline color, surface roughness and microhardness values. 18, 19 Because of the baseline heterogeneities among the materials, affects of the test beverages on composite resins were evaluated, by calculating the color, surface roughness and microhardness value changes between baseline and 15 days of immersion, to eliminate any possible artifact that may influence the results of the study. 
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The staining beverages used in this study induced varying degrees of discoloration in the tested composite resins. Immersion of the specimens in distilled water did not alter the color of the composite to a considerable extent, which is in agreement with other investigations. [20] [21] [22] As distilled water has no pigments, the slight color alterations reported in this study might be attributed to some water sorption of the organic matrix. 23 Coffee has a strong staining effect on resin composites and natural tooth structures. 24, 25 In the present study coffee caused the most severe discoloration among all the tested beverages for all tested composite resins. The absorption and adsorption of polar yellow colorants in coffee into the organic phase of composite resins may be responsible of this severe discoloration. 26 Although cola, might be expected to damage the surface integrity as a result of its lower pH and cause more discoloration than other tested beverages; it did not cause discoloration as much as coffee. This result may be reletad to the lack of yellow colorants in it's content. In addition, the presence of phosphate ions in cola may suppress the dissolution since these ions have been shown to reduce the dissolution rate of calcium phosphate from the tooth.
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The findings of the current study for the evaluation of staining capacity of different beverages are in accordance with the previous studies, which have reported that coffee caused more discoloration than cola. 2, 17, 18 Color change evaluation results of this study according to different composites showed that the least stainability was observed in SBC, in all staining solutions tested, which is in contrast with Pires-de-Souza et al 29 who have reported that SBC showed highest discoloration. On the contrary, supporting our findings, Palin et al 30 have reported that SBC was more resistant against staining by the colorant solutions than MBCs. It has been reported that SBC exhibited increased hydrophobicity due to the presence of the siloxane species.
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As Reis et al 32 have shown that hydrophobic materials have a lower degree of water sorption and relatively lower discoloration value than hydrophilic ones, this finding can be explained by the lower water sorption of SBC. Studies have suggested that color alteration in restorative materials should be ΔE > 1 to be visually perceptible, and that ΔE > 3.3 would be considered an undesired value for clinical success of the restoration. 20, 24 The discoloration caused by coffee in all MBCs tested were higher than 3.3, and clinically unacceptable. Although it has been previously reported that Filtek Supreme was more susceptible to staining than Filtek P60, 28, 33 since it included TEGDMA; they exhibited similar discoloration levels in all tested beverages in the present study. Baseline surface roughness measurements showed that MBCs had smoother surface than SBC after polishing while no significant differences in surface roughness were found among the composite resins when immersed in distilled water, cola and coffee. The average roughness values of tested composite resins ranged from 0.13 to 0.09 and these values were below the critical thereshold value of 0.2 µm, which allows plaque accumulation.
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The resin matrix and filler particles have different levels of hardness that cause variations in removal efficiency during polishing, and that these variations can lead to differences in surface roughness. 34, 35 The roughness of a composite resin is releated not only to the type of it but also to the employed finishing and polishing technique. In this study, all specimens were polished with a series of aluminum oxide polishing disks (Sof-Lex), since this technique have been reported to be the best way to generate low roughness in resin surfaces. [36] [37] [38] Therefore, the baseline variabilites observed on the surface roughness of different materials might be attributed to the varied polishing responses of the composite materials tested.
The roughness change evaluations of tested composite resins after immersion of different baverages revealed that the surface roughness increased upon immersion in coffee. This result does not corroborate the study of Kitchens and Composite degradation is the result of complex reactions among different factors. 13 Water is directly related to the composite organic matrix deterioration as it's absorption results in a widespread process within the composite resin matrix that causes its degradation and results in lower physical and mechanical properties, 14, 41 above all related to resin hardness as well as roughness. 1 Previous studies have widely reported that water had the effect of reducing the surface hardness of methacrylate-based composite resins. 42, 43 In the present study distilled water showed surface hardness reduction in all of the composite resins tested after 15 days of immersion period, but they did not differ significantly from each other in accordance with previous studies' findings. 6, 44 As regards microhardness alterations, it was observed that acid substances can cause a reduction in the surface microhardness of composites by softening the bisphenol A glycidyl methacrylate-based polymers present in the organic matrix. [45] [46] [47] In agreement with this theory, Villalta et al 21 stated that low pH may indeed affect the surface integrity of composite resins and, for this reason, it could also promote an increase in the susceptibility to staining. In this study despite the lowest pH, cola did not change the surface microhardness as much as coffee in Filtek P60 and Filtek Supreme XT specimens. Coffee caused the highest surface microhardness change in these groups, while cola induced the highest surface microhardness change in Filtek Silorane specimens. In the light of these findings, microhardness alterations could not be exclusively associated with pH. In accordance with these findings, Soares-Geraldo et al 23 and Hamouda 48 have also reported that pH of the beverages did not effect the hardness change of composite resins as expected. Further investigations may be benefical for identifying the other chemical and physical properties of these substances that may effect the change in microhardness of composite resins. Filtek Silorane exhibited similar surface microhardness decrease after immersion in distilled water and cola with MBCs. The microhardness decrease of Filtek Silorane after immersion in coffee was similar with Filtek P60 and lower than Filtek Supreme XT. Filtek Supreme XT group showed the highest microhardness change among groups, in all tested staining beverages. TEGDMA content of Filtek Supreme XT could serve as a possible explanation for this finding. Calais and Söderholm 49 have reported that increasing the TEGDMA content in the resin matrix led to an increase in water uptake since this monomer is more hydrophilic than Bis-GMA and UDMA. Furthermore, Filtek Silorane and P60 have been marketed as posterior composites and posterior composites have been designed to have higher wear resistance than anterior ones as known.
The hypotheses tested in this study were rejected. Different staining solutions and different composite resins produced different levels of color, surface roughness and microhardness change after 15 days immersion.
COnCluSIOn
Within the limitations of this in vitro study, the following conclusions can be made: 1. MBCs are more susceptible to staining than SBC. 2. Coffee has a significant influence on discoloration of both silorane and methacrylate-based composite resins. 3. Surface roughness and microhardness changes of composite resins in different staining solutions are material dependent.
ClInICal SIgnIFICanCE
Silorane-based composites are more color stable than methacrylate-based composites in different staining solutions. More studies are needed to clarify silorane-based composites performance.
